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INTRODUCTION 

This  quarterly  progress  report  is  the  second  of  a  series  which  partially 
fulfills  Contract  AF  04(611)10919,  Large  Solid  Propellant  Boosters 
Explosive  Hazards  Study  Program.  The  purpose  of  this  program  is  to 
gain  additional  knowledge  and  to  develop  new  techniques  for  analyzing 
the  explosive  hazard  and  damage  potential  of  large  solid-propellant 
rocket  motors. 

The  objectives  of  this  program  are:  (1)  to  determine  the  influence  of 
grain  shape  on  propellant  detonability  and  sensitivity,  (2)  to  determine 
the  critical  diameter  of  a  typical  solid  rocket-motor  propellant,  (3)  to 
determine  what  changes  a  solid  propellant  grain  might  undergo  when 
exposed  to  operational  mishaps,  and  (4)  to  develop  methods  to  simulate 
and  characterize  these  alterations. 


SUMMARY 

o  Air  Force  approval  of  the  program  plan,  Reference  1,  was 
received  8  December  1965. 

o  The  RUBY  computer  code  has  been  successfully  applied  to 

ammonium  perchlorate,  RDX,  and  RDX-wax.  A  revision  of 
RUBY  is  being  acquired  which  will  allow  the  formation  of  more 
than  one  solid  product  by  the  reaction. 

o  The  variance  and  critical  geometry  tests  of  AAB-3189  have  been 
delayed  because  of  casting-line  difficulties  in  preparing  the 
RDX-adulterated  material. 

o  Critical  diameter  and  variance  tests  of  one  batch  of  AAB-3225 
have  been  completed.  From  the  test  results,  the  critical 
diameter  is  5.  21  in.  and  the  experimental  standard  deviation 
is  0.  06  in. 

o  Preliminary  tests  in  the  development  of  a  probe  system  for 

measuring  reaction-zone  thickness  in  a  detonating  charge  have 
shown  encouraging  results. 

o  The  explosive  booster  and  propellant  acceptor  segments  have 
been  cast  for  the  72-in.  critical-diameter  test  scheduled  for 
late  March.  AL.  handling  hardware,  lifting  fixtures,  restraining 
fixtures,  and  other  tooling  have  been  completed  and  checked  out. 
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o  The  first  2500-lb  TNT  calibration  charge  has  been  cast  for 
the  instrumentation  checkout  and  calibration  shot  which  will 
be  fired  in  early  March.  The  test  will  be  repeated,  using  a 
second  charge,  after  the  72  in.  test  has  been  performed. 

THEORY  OF  CRITICAL  GEOMETRY 


3.  1  THEORETICAL  PROGRAM 


3.  1.  1  Ammonium  Perchlorate  Detonation  Properties 

After  considerable  analysis  of  the  RUBY  program  in  an  effort  to  discover 
the  cause  for  its  failure  to  provide  a  solution  for  the  ammonium 
perchlorate  (AP)  detonation  properties,  the  trouble  was  located  and 
identified  as  an  error  in  input.  The  error  was  corrected,  and  satis¬ 
factory  solutions  were  generated  for  ammonium  perchlorate  at  each  of 
several  loading  densities.  Computed  detonation  properties  for  AP  at 
densities  of  1.  50  and  0.  08  g/cm^  are  presented  in  Table  1. 

These  values  are  in  agreement  with  the  results  calculated  for  ammonium 
perchlorate  by  Evans,  et  al,  (Reference  2),  using  RUBY.  The  particular 
loading  densities  chosen  by  Aerojet  unfortunately  did  not  coincide  with 
those  selected  in  Reference  2.  To  make  a  comparison  between  the  two 
sets  of  data  would  require  interpolation.  Evans,  et  a.,  report  an  ideal 
detonation  velocity  for  AP  of  3.  67  mm/psec  at  a  loading  density  of 
0.  75  g/cm^  and  4.  13  mm/psec  at  0.  95  g/cm^.  The  Aerojet  calculations 
yielded  a  velocity  of  3.  82  mm/psec  at  a  loading  density  of  0.  080  g/cm^, 
and  an  interpolated  velocity  of  4.  20  mm/psec  at  0.  95  g/cra^, 

The  small  differences  between  the  two  sets  of  calculations  may  result 
from  the  differences  in  the  covolume  inputs  used,  since  some  uncertainty 
exists  as  to  the  correct  covolume  values  for  specific  compounds. 

RUBY  is  particularly  sensitive  to  covolume  input  values.  The  values 
used  in  the  work  by  Evans,  et  al,  are  not  reported.  Those  used  in  the 
Aerojet  calculations  are  given  in  Table  2. 
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Table  1.  RUBY  Calculations  for  Ammonium  Perchlorate. 


Property 

Units 

p  »  0.  80 

0  / 
g/cc 

Po=  1-50 
g/cc 

D 

mm/ psec 

3.  824 

5.  554 

PC-J 

Mbar 

0.  032 

o.  no 

TC-J 

103  °K 

1.  227 

0.  795 

PC-J 

gm/cc 

1.  105 

1.  968 

Y 

(dimensionless) 

2.  621 

3.  208 

EC-J- 

cal/gm  HE 

133.  3 

208.  1 

S  C-J  '  So 

cal/°K/ gm/HE 

-0.  346 

-0. 834 

2  moles  gas 

10”3  moles/gm  HE 

36.  32 

36.  32 

vg 

cc/mole 

24.  91 

13.99 

Composition 

h2o 

10~3  moles/gm  HE 

12.  82 

12.  82 

n2 

10" 3  moles/gm  HE 

4.  27 

4.  27 

Oz 

10-3  moles/gmHE 

10.  68 

10.  67 

N02 

10-3  moles/gmHE 

0.  00 

0.  01 

HC1 

10”3  moles/gmHE 

8.  56 

8.  55 

D  detonation  velocity 

p,  T,  y,  E,  S,  V  standard  thermodynamic  quantities 

Subscripts 


C-J 

o 

g 


Chapman-Jouguet  conditions 

original  condition 

gas 
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Table  2.  Covolumes  Used  in  RUBY  Code  Calculations 


Ammonium 

Perchlorate 


Product 


RDX-Wax 
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Experimental  detonation  velocities  for  AP,  at  various  densities  and 
charge  diameters,  are  reported  by  Andersen  and  Pesante  (Reference  3). 
At  a  loading  density  of  0.  80  g/cm^  and  a  charge  diameter  of  4  in.  the 
detonation  velocity  was  observed  to  be  3.  0  mm/psec.  Furthermore, 
from  the  shape  of  their  velocity-diameter  curve,  ranging  from  a  diameter 
of  0.  75  in.  to  the  4  in.  ,  it  appears  that  3.  0  mm/psec  approaches  the 
ideal  detonation  velocity.  The  RUBY  program  is  approximately  25%  high 
with  its  calculation  of  3.  82  mm/psec. 

Three  separate  experimental  values  are  reported  in  Reference  3  for  AP 
detonation  velocity  at  a  packing  density  of  1.  50  g/cm^.  The  values 
were  obtained  from  2.  5  in.  diameter  samples,  and  averaged  to  4.  3 
mm/psec.  No  evidence  is  given  to  indicate  that  2.  5  in.  is  near  the  ideal 
diameter  at  this  density,  therefore  data  are  not  to  be  compared  with 
the  predicted  5.  55  mm/psec  ideal  velocity. 


3.  1.  2  RDX-Wax  Detonation  Properties 

RUBY  calculations  also  have  been  made  for  an  explosive  composed  of 
30  wt  %  RDX  and  70  wt  %  wax  -  a  material  similar  to  that  which  was 
used  in  the  AF  04(611)9945  program.  The  purposes  of  making  these 
calculations  were:  (1)  to  compare  the  experimental  detonation- velocity 
results  obtained  in  the  nonideal  region  with  the  calculated  ideal  detonation 
velocity,  and  (2)  to  test  the  ability  of  RUBY  to  handle  a  composition 
similar  to  a  composite  propellant  --  fast-reacting  oxidizer  distributed  in 
a  slow-reacting  fuel.  The  results  of  these  computations  are  given  in 
Table  3. 

The  detonation- velocity  vs  diameter  relationship  of  RDX-wax  (Reference  4) 
indicates  that  the  ideal  detonation  velocity  is  greater  than  6.  5  mm/psec 
(D  =  6.  57  mm/psec  at  d  =  1.  75  in.  for  the  material,  which  has  a  critical 
diameter  of  approximately  1.  5  in.  ).  The  upper  bound  would  appear  to  be 
7.  2  mm/psec.  This  is  based  on  an  extrapolation  of  the  data  which  is 
influenced  by  the  fact  that  the  velocity-diameter  function  for  this  type  of 
material  closely  approaches  its  asymptote  at  diameters  d>  2  dc.  The 
RUBY  program  predicts  an  ideal  detonation  velocity  of  6.  9  mm/psec  when 
the  input  parameter,  heat  of  formation  of  graphite,  is  chosen  to  be  zero 
(Table  3).  With  the  heat  of  formation  of  carbon  chosen  to  be  10.  75  kcal/ 
mole,  as  it  has  been  for  SRI  and  NOTS,  RUBY  predicts  an  ideal  detonation 
velocity  of  6.  2  mm/psec.  The  first  computation  which  argees  with  the 
experimental  evidence  is  encouraging  and  indicates  that  RUBY  can  handle 
a  propellant-like  material  as  well  as  the  high  explosives,  for  which  the 
program  was  originally  written. 
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Table  3.  RUBY  Calculations  for  RDX-Wax. 
P0  =  L  11  g/cc 


Property 

Units 

AHf  of  Graphite  = 

0.  0  Kcal/mole 

AHf  of  Graphite  = 
10.  75  Kcal/mole 

D 

mm/ psec 

6.  906 

6. 211 

PC-J 

Mbar 

0.  123 

0.  091 

TC-J 

103  °K 

1.  058 

0.  707 

PC-J 

gm/cc 

1.  444 

1. 408 

Y 

(dimensionless) 

3.  315 

3.  729 

EC-J  "  Eo 

cal/ gm  HE 

306.  5 

206.  1 

S^  _  -  s 

C-J  o 

cal/°K/ gm/HE 

-0.  844 

-1.  112 

2  moles  gas 

10-4  moles/gm 

349. 168 

351. 437 

vs 

cc/mole 

15.  89 

16.  76 

Composition 

h2° 

10  ^  moles/gmHE 

80.  993 

39. 776 

h2 

10-4  moles/ gm  HE 

0.  002 

co2 

10-4  moles/gm  HE 

0.  003 

20. 612 

N2 

10  ^  moles/gm  HE 

35.  816 

40. 376 

nh3 

10-4  moles/ gm  HE 

9.  368 

0.  248 

ch4 

10“^  moles/ gm  HE 

222.  967 

250.  425 

C  (graphite) 

10-4  moles/gm  HE 

__ 

269. 962 

C  (diamond) 

1C-4  moles/gm  HE 

318. 029 

Symbols 


D 


detonation  velocity 


p>  T,  y,  E,  S,  V 

Subscripts 

C-J 

o 

g 


standard  thermodynamic  quantities 


Chapman- Jouguet  conditions 

original  condition 

gas 
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The  lov^  1058°K,C-J  temperature,  predicted  by  RUEY,  is  of  some  concern. 
However,  the  extremely  low  oxygen  content  in  the  material  does  suppress 
the  reaction  kinetics  and  may  do  so  to  sufficiently  account  for  this 
temperature.  Since  no  experimental  measurement  of  this  temperature 
has  been  made,  it  is  not  possible  to  reject  the  value  calculated  by 
RUBY. 

3.  1.  3  AP-Binder  Systems  Detonation  Properties 

A  later  version  of  the  RUBY  code  is  being  obtained  from  the  Naval 
Ordnance  Test  Station  (NOTS),  China  Lake,  California.  This  program, 
in  conjunction  with  NOTS  thermodynamic  data,  has  been  successfully 
used  to  calculate  the  ideal  detonation  properties  of  several  AP-binder 
systems.  It  is  intended  to  use  this  program  and  the  NOTS  data  to 
calculate  the  ideal  detonation  properties  for  an  RDX-adulterated  AP- 
PBAN  composition  (AAB-3189)  and  an  unadulterated  AP-PBAN  com¬ 
position  (ANB-3226).  Detonation  velocities  in  the  adulterated  material 
will  be  measured  experimentally,  to  diameters  in  excess  of  4  dc 
(Subtask  3.  2.  3). 


3.  1.  4  Estimation  of  Density- Variation  Effect  on  Parameter  c 

In  the  theory  developed  under  AF  04(611)9945, 

d  =  k  +  k  (f  +  c)  (1) 

c  1  c 

where  dc  is  the  critical  diameter  of  a  propellant  material  containing  f  weight 
fraction  RDX,  and  kj,  k£,  and  c  are  constants.  The  parameter  c  represents 
the  excess  weight  fraction  RDX  that  would  exist  if  all  effective  voids*  were 
replaced  by  RDX  particles  of  comparable  siz,e.  It  can  be  shown  that  if 
Wj^  =  actual  weight  of  RDX  and  =  weight  of  RDX  "added", 


^"Effective  voids"  means  those  voids  capable  of  becoming  initiation 
sites  by  shock-compression. 
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Furthermore,  the  quotient  term  can  be  expressed  by 


■  (pr/po)  (D  NV  V, 


where 


=  density  of  RDX 
=  porous  propellant  density 
=  number  of  effective  voids  per  unit  volume 
=  average  volume  of  the  effective  voids 


From  Equation  32  in  Reference  5,  the  distribution  of  voids  can  be 
expressed  by 


N  =  n  exp  ^-V/V^ 


where 


N  =  number  of  voids  per  unit  volume  greater  than  volume  V 

n  =  total  number  of  voids  per  unit  volume 
P 

V  =  the  average  void  volume 

cl 


If  Vj  is  the  minimum  effective  void  volume, 


N  =  n  exp  (-V.lV  ^ 
v  p  \  \  a) 


The  average  void  size,  V,  over  any  interval  can  be  calculated  from 


(V)  dv/ J 


f  (V)  dV  (Reference  6) 


where 


f  (V)  = 


'■'•v  ‘  *V 
' .  Tr**'  , 
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Integrating  Equation  6  between  Vj  and  oo  ,  it  can  be  shown  that 

V  s  V.  +  V  (8) 

v  i  a 

Considering  the  product  Ny  Vv  in  Equation  3,  from  Equations  5  and  8 

N  V  =  n  (V.  +  V  )  exp  f-V./V  \  (9) 

v  v  p  \  i  a }  \  i  a.) 

Substituting  (1  -  Po/Poh^np  *or  ^a»  Equation  9  becomes 

N  V  =  V.  n  +  1  -  (p  /p  \  exp  |-V.  n  / 1  -  (p  /  p  ^  (10) 

v  v  l  1  p  v  °  °J  J  L  1  p  v  °  vj 

where 

pQ  =  the  density  of  nonporous  propellant 

From  Equations  30  through  37  in  Reference  5  it  can  be  shown  that 

V.  n  =  3C  /D2  (11) 

x  p  2 

where 

Cz  =  a  constant 

D  =  the  detonation  velocity 

Substitution  of  Equations  3,  10,  and  11  into  Equation  2  gives  the  final 
expression  for  c  as  a  function  of  pQ,  knowing  f,  C£,  p^,  and  D: 


[po  exp  3CZ/D2  (1  -  P0/Po„)] 

'>R[(3C2/D2)+1-('>0/')on)] 

Equation  12  and  others  in  this  development  will  be  written  into  a  computer 
program  to  facilitate  the  calculations  required  to  compute  the  values  of 
many  of  the  parameters  discussed. 


/ 
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3.  1.  5  Error  Analysis  of  Probe-Rasteroscillograph  Data 

The  propagation-of-error  technique  has  been  applied  to  shock  wave  velocity 
vs  distance  data  as  derived  from  pin-probe/rasteroscillograph  distance¬ 
time  data.  It  can  be  shown  that 


V  (D)  = 
D2 


V(x) 


(Ax)' 


V(t) 

(At)2 


(13) 


where  the  symbol  V(  )  refers  to  the  variance,  or  standard  deviation  squared, 
of  the  parenthetical  quantity,  x  is  distance  along  the  charge  from  the 
initiated  end,  t  is  the  time  of  arrival  of  the  shock  front,  and  Ax  is  the 
interval  over  which  the  velocity  is  determined  (At  is  the  time  interval 
associated  with  Ax). 

If  X  is  the  distance  from  the  sample  top  (initiated  end)  to  the  probe- 
entrance  hole,  6  is  the  displacement  of  the  probe  tip  from  a  plane  perpendi¬ 
cular  to  the  sample  axis  through  the  probe-entrance  hole,  and  £  is  the 
effective  displacement  of  the  probe  tip  because  of  its  deflection  from  the 
plane  of  the  sample  axis  and  probe-entrance  hole  and  the  curvature  of  the 
wave  front,  the  distance  x  between  the  probe  tip  and  the  initiated  end  of 
the  sample  is 


x  =  X  +  6  +  £ 


(14) 


and 


V(x)  =  V(X)  +  V  (6)  +  V  (e)  (15) 

Evaluating  the  terms  in  Equation  15,  we  find  that  by  definition, 

V(X)  =  <r2  (16) 

and  that 

V(6)  =  cos2  <(>  V(/)  +#  2  V  (cos  <|>)  (17) 
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and 


V(€) 


(r-i)2 
R2  -  (r  -t)L 


V(i’)  +  — i - =■  V(t) 

R2  -  % 


(18) 


where 

the  colatitude  of  the  probe  tip  with  respect  to  the  probe- 
entrance -holes  line 

is  the  length  of  the  probe  that  is  inserted  into  the  sample 
r  =  the  sample  radius 

R  =  the  radius  of  curvature  of  the  wave  front 
£  =  the  distance  from  the  probe  tip  to  the  sample  axis 

£2  =  -  2  r  sin  <(>  sin  Q  +  &  sin2  <j> 

where 

0  -  the  longitude  of  the  probe  tip  with  respect  to  the  plane  tangent 
to  the  sample  at  the  probe-entrance-holes  line. 


The  geometrical  relationships  of  the  parameters  discussed  in  Equations  14 
through  19  are  shown  in  Figures  1  and  2. 

Assuming  the  following  values  for  the  parameters:  <r^  =  1  •  59  mm, 

4>  =  0  =  89°,  or^  =  <Tq  =  1°,  ^=38  mm,  <T£  =  1 .  59  mm,  for  a  sample  of 
5-in.  diameter  (r  =  63.  5  mm)  the  estimated  coefficient  of  variance  for 
velocity  data  is  computed  by  the  above  equations  to  be  0.  053.  That  is, 
the  estimation  of  velocity  has  an  expected  error  of  ±  5.  3%,  which  for  a 
sample  detonating  at  4.  lmm/psec  represents  a  standard  deviation  of 
0.  22mm/psec. 

An  experimental  study,  using  two  sets  of  probes  in  a  5-in.  diameter  sample, 
was  performed  in  conjunction  with  Subtask  3.  2.  2  testing,  and  from  the 
analysis  of  these  data  a  coefficient  of  variance  was  calculated  to  be  0.051. 
This  result  substantiates  the  essential  accuracy  of  this  analysis.  The 
results  have  shown  furthermore  that  greater  efforts  at  accurate  probe- 
placement  are  required.  Design  studies  are  now  underway  to  achieve  this 
objective. 
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SAMPLE 


X-axis:  Probe-entranco— holes  lino.  Increasing  X  is  increasing 

distance  from  samplo  top* 

XY-plane:  Plano  through  sample  axis  and  X. 

XZ—  plane:  Plano  tangent  to  samplo  at  X— axis* 

X  :  Distance  of  probe-entranco  holo  from  samplo  top. 

d)  :  Colatitudo  of  probe  tip* 

0  :  Longitude  of  probo  tip* 

I  '•  Length  of  probo  inserted  into  samplo. 

8  :  Vortical  displacement  of  probe  tip. 

£  :  Distanco  of  probo  tip  from  samplo  axis. 


BW 
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SAMPLE 

AXIS 


R  :  radlvus  of  curvature  of  wavefront,  exaggerated. 
g  ;  probe-tip  to  samplo— axis  distance. 

-I  :  minimum  £ 
r  :  samplo  radius 

£  :  "equivalent  vertical  displacement"  of  probe  tip,  due  to 
Its  bolng  £-(r-l)  farther  from  the  camplo  axis. 


Figure  2.  Geometric  Relationship  Between  6  and  £ 
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3.  2  EXPERIMENTAL  PROGRAM 


3.  2.  1  Variance  and  Mean  Critical  Geometry 

This  subtask  is  designed  to  produce  sufficient  experimental  data  for  a 
statistical  analysis  of  the  variance  in  critical  geometry  test  results. 

Two  configurations  will  be  tested,  a  circular  right  cylinder  and  a 
square  right  column.  The  test  samples  are  composed  of  AAB-3189  pro¬ 
pellant,  an  Aerojet  RDX-adulterated  AP-PBAN  formulation  con¬ 
taining  9.  2  wt  %  RDX  explosive.  The  material  is  the  same  as  that  used 
in  the  critical  geometry  phase  of  AF  04(611)9945.  Its  critical  diameter 
was  found  to  be  2.  71 -in.  ,  with  an  estimated  standard  deviation  of 
0.  06-in. 

A  2000-lb  batch  of  AAB-3189  was  cast  17  January  1966.  This  batch  con¬ 
sisted  of  (1)  50  cylindrical  samples  cast  at  2.  80,  2.  74,  2.  68,  and 

2.  62-in.  diameter,  (2)  six  square  columns  (two  each  of  the  following 
sizes:  2.4,  2.5,  2.6-in.  square),  and  (3)  eight  samples  for  Subtask 

3.  2.  3  tests.  The  number  of  small  cylinders  cast  at  each  size  was 
selected  in  accordance  with  statistical  design  to  provide  optimum 
advantage  to  the  determination  of  the  variance.  While  the  critical  diam¬ 
eter  may  differ  slightly  from  2.  71 -in.  ,  it  is  not  expected  that  it  will 
approach  the  extreme  diameters  chosen  for  this  set  of  tests. 

The  square  samples  provide  sizes  for  a  crude  bracketing  of  the  critical 
geometry  for  this  shape.  The  sizes  are  based  on  the  results  of  tests 
conducted  with  RDX-wax  under  AF  04(611)9945,  which  indicated  that  the 
critical  geometry  of  a  square  column  is  at  least  10%  below  the  critical 
diameter. 

The  cured  samples  were  subjected  to  X-ray  inspection  on  28  and  31 
January  1966.  A  large  number  of  major  voids  (larger  than  1/4  in. 
diameter)  were  found  in  many  of  the  samples.  Of  the  50  cylindrical 
samples  intended  for  this  subtask,  only  five  were  without  voids.  The 
cause  was  a  vacuum  leak  in  one  of  the  two  transfer-pot  systems.  This 
leak  allowed  air  to  mix  with  the  viscous  propellant  during  the  casting 
operation. 

To  prevent  the  recurrence  of  such  an  incident,  the  following  procedure 
has  been  incorporated  into  the  casting  operation.  A  preliminary  sample 
v/ill  be  cast  and  X-rayed  immediately  so  that  voids  can  be  detected 
before  the  full  batch  is  cast.  The  propellant  transfer  system  will  be 
closely  examined  for  any  evidence  of  vacuum  leakage. 


0977-01(02)QP 
Page  15 


The  second  casting  of  this  batch  has  been  scheduled  for  1  March,  so 
that  samples  will  be  available  for  testing  by  approximately  1  April. 

•  *>  . 

3.  2.  2  Mean  Critical  Diameter  and  Variance 

The  test  objective  is  to  accurately  determine' the  critical  diameter  of  an 
adulterated  AP-PBAN  propellant  containing  7.  1  wt  %  RDX  (AAB-3225) 
and  to  estimate  the  variance  of  the  results.  The  specific  purposes  of 
these  tests  are:  (1)  to  evaluate  the  ability  of  the  detonation  model  to 
predict  the  critical  diameter  of  a  specific  material,  (2)  to  obtain  variance 
data  at  an  RDX-adulterant  level  other  than  9.  2%,  and  (3)  to  find  by 
extrapolation,  the  variance  expected  for  0%  RDX  (unadulterated)  AP- 
PBAN. 


3.  2.  2.  1  Test  Results 

The  results  of  the.  37  tests  are  shown  in  Table  4  and  in  Figures  3  and  4. 

The  mean  critical  diameter  is  5.  21  in.  ,  with  a  standard  deviation  of 
0.  06  in. 

Since  the  predicted  critical  diameter  was  6.  00  in.  ,  most  of  the  test  samples 
had  to  be  cut  and  machined  to  smaller  diameters  for  these  tests.  In  the 
process  of  making  these  modifications,  it  was  necessary  to  limit  the  length 
of  some  samples  to  four -diameter  lengths;  others  were  capable  of  being 
machined  to  five-diameter  lengths. 

The  data  in  Table  4  are  arranged  in  order  of  decreasing  diameter  and, 
for  samples  having  the  same  diameter,  they  are  arranged  in  order  of 
increasing  density.  The  X-ray  reports  from  this  batch  of  propellant 
showed  that  every  sample  had  some  major  voids.  All  but  three  samples 
had  these  voids  in  the  upper  1-  or  2-in.  area.  It  was  decided  to  proceed 
with  the  testing  of  all  but  the  worst  sample  (No.  37)  since  the  orientation 
of  the  sample  in  the  test  setup  was  in  the  as-cast  position,  with  the 
major  voids  at  the  upper  end.  The  presence  of  holes  at.  the  initiated  end 
did  not  compromise  the  data  taken  over  the  lower  half  of  the  sample. 
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Table  4.  Test  Results,  Subtask  3.  2.  2. 


Diameter 

Mean  (in.)  <r  (in.) 

Density 

(gm/cm3) 

Result 
(+  =  Go 

0  =  No  Go) 

Average 

Detonation 

Velocity3 

(mm/iisec) 

Test  No. 

6.-29 

- 

1.  735 

+ 

4.2 

3.  2.2.  2 

5.  65 

- 

1.  734 

+ 

b 

3.  2.  2.  1 

5.  65 

- 

1.  734 

+ 

4.  1 

3.2.  2.  3 

5.45 

0.  034 

1.  725 

X 

4.  2 

3.2.2.  6 

r.  38 

0.018 

1.  739 

+ 

4.  2 

3.2.2.  9 

5.  37 

0.011 

1.  740 

+ 

4.3 

3.2.2.  11 

5.35 

0.025 

1.  739 

+ 

4.  2 

3.2.2.  8 

5.34 

0.033 

1.  736 

+ 

4.2 

3.2.2.  16 

5.34 

0.  031 

1.  740 

+ 

4.  2 

3.2.2.  14 

5.34 

0.027 

1.  741 

+ 

4.2 

3.2.2.  15 

5.30 

0.025 

1.733 

+ 

4.  3 

3.2.2.  13 

5.  29 

0.  024 

1.  730 

+ 

4.  1 

3.2.2.21 

5.29 

0.021 

1.  731 

+ 

4.  2 

3.  2.  2.  2_ 

5.28 

0.  023 

1.  731 

+ 

4.2 

3.2.2.23 

5.28 

0.036 

1.  731 

•  + 

4.  2 

3.2.2.28 

5.  28 

0.028 

1.  732 

+ 

4.  2 

3.2.2.24 

5.28 

0.027 

1.  733 

+ 

4.  2 

3.2.2.28 

5.28 

0.010 

1.  735 

+ 

b 

3.  2.2.  12 

5.28 

0.017 

1.  736 

+ 

4.  1 

3.2.2.  18 

5.  28 

0.016 

1.  736 

+ 

4.  2 

3.2.2.  19 

5.28 

0.011 

1.  736 

+ 

4.  2 

3.2.2.  20 

5.  28 

0.018 

1.  737 

0 

c 

3.2.2.  17 

5.28 

0.  008 

1.  739 

0 

c 

3.  2. 2. 10 

5.27 

0.008 

1.  743 

0 

c 

3. 2.  2.  5 

5.26 

0.040 

1.  730 

+ 

4.  1 

3.2.2.25 

5.24 

0.  024 

1.  733 

+ 

4.  0 

3.2.2.27 

5.  24 

0.  025 

.  1.733 

•» 

4.  1 

3.  2.  2. 29 

5.02 

0.  010 

1.  729 

0 

c 

3.  2.  2.  7 

5.  02 

0.016 

1.  736 

0 

c 

3.  2.  2.  37 

5.  01 

0.  003 

1.  733 

0 

c 

3. 2. 2. 4 

5.  01 

0.016 

1.  735 

0 

c 

3.  2. 2. 30 

4.  86 

0.011 

'  1.  739 

0 

c 

3.2.2.35 

4.85 

0.015 

1.  735 

0 

c 

3.  2. 2. 34 

4.  85 

0.  014 

1.  736 

0 

c 

3.2.2.36 

4.  75 

0.  011 

1.  738 

0 

c 

3.  2.  2.  31 

4.  74 

0.  008 

1.  731 

0 

c 

3.2.2.32 

4.50 

0.015 

1.  735 

0 

c 

3.  2.  2. 33 

a  Calculated  from  probe  data.  Obtained  over  region  from  two  diameters  down, 
to  charge  bottom.  Accuracy  of  measurement  is  ±  0.  1  mm/psec. 

^No  raster  record, 
c 

Not  applicable. 


0977-01(02)QP 
Page  17 


0977-01(02)QP 
Page  19 


3.  2.  2.  1.  1  Density  Measurements 

The  density  measurements  on  these  samples  yielded  an  average  density 
of  1.  735  gm/cm^  with  a  standard  deviation  of  0.  04  gm/cm^,  Using 
these  data  and  assuming  the  maximum  (no  pores)  density  to  be  3  o~ 
above  the  mean,  the  data  indicate  that  p0n  is  1.  747  gm/cml 

Observations  during  the  casting  proceedings,  where  slumping  of  the 
propellant  was  reported,  gave  another  source  by  which  the  maximum 
density  could  be  estimated.  In  the  6-in.  diameter  samples,  when 
vacuum  was  released,  the  propellant  surface  dropped  about  3-in.  This 
drop  can  be  related  to  the  volume  of  included  gas.  In  subsequent 
calculations  using  this  data,  a  porosity  of  0.  008  is  predicted.  Assuming 
that  this  porosity  is  that  equivalent  to  a  density  of  1. 735  g/cm^,  the 
nonporous  density  becomes  1.  749  g/cm^.  This  agrees  with  the  value 
calculated  from  density  measurements  even  though  it  was  based  on 
approximate  information.  However,  when  these  values  are  used  with 
Equation  2,  a  value  of  c  is  calculated  which  equals  1.  4  x  10"^.  This  is 
not  in  agreement  with  the  value  of  c  which  statistically  best-fits  the 
critical-diameter  data.  Further  study  of  this  problem  is  being  conducted. 


3.  2.  2.  1.  2  Velocity  Accuracy 

To  test  the  analysis  that  is  presented  in  Section  3.  1.  3,  a  test  was  con¬ 
ducted  using  a  5-in.  diameter  sample.  Probes  were  placed  along  two 
diametrically  opposite  lines  down  the  sample,  with  probes  placed  at 
corresponding  distances  from  the  top.  By  comparing  the  velocities 
derived  across  each  pair  of  intervals,  the  coefficient  of  variance  was 
calculated  to  be  0.  051.  The  detonation-velocity  vs  distance  record  is 
shown  in  Figure  5. 


3.  2.  2.  2  Conclusions  and  Future  Work 

Statistical  analysis  of  the  AAB-3225  data  presented  in  Table  4  and  Fig¬ 
ures  3  and  4  yielded  a  mean  critical  diameter  of  5.  21 -in.  ,  with  a  standard 
deviation  of  0.  06  in.  This  critical  diameter  is  about  13%  below  the 
theoretically  predicted  value  of  6.  00  in.  The  standard  deviation,  on  the 
other  hand,  is  the  same  as  that  derived  for  AAB-3189  during  the  SOPHY  I 
critical-diameter  tests.  This  agreement  indicates  that  variance  is 
relatively  constant  in  the  region;  7.  1%  to  9*  2%  RDX  (5.  21-  to  2.  71-in. 
c  r  itic  al  -  diame  t  e  r ) . 
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The  surprisingly  low  value  of  the  standard  deviation  implies  that  either 
the  critical  diameter  of  the  material  is  not  greatly  affected  by  the 
presence  of  a  number  of  voids  of  the  size  present  in  these  samples,  or 
the  void  effect  was  unusually  consistent  from  sample  to  sample.  If  the 
latter  is  true,  the  lack  of  agreement  between  the  experimental  data  and 
the  model  may  be  attributed  to  the  effective  lowering  of  the  critical 
diameter  by  the  porosity. 

The  uncertain  results  from  these  tests  forced  the  re-casting  of  this 
batch  on  18  February  1966.  No  propellant  slumping  was  observed  when 
vacuum  was  released.  The  sample  sizes  selected  span  the  region  from 
5-  to  7-in.  as  follows:  two  at  5  in.  ,  two  at  5-1/4  in.  ,  two  at  5-1/2  in.  , 
three  at  5-3/4  in.  ,  five  at  5-7/8  in.  ,  four  at  6  in.  ,  five  at  6-1/8  in.  , 
two  at  6-1/4  in.  ,  two  at  6-1/2  in. ,  and  two  at  7  in.  Should  the  initial 
tests  of  these  samples  support  the  current  critical-diameter  estimate,  it 
may  become  unnecessary  to  test  the  entire  batch. 

3.  2.  3  Detonation  Velocity  as  a  Function  of  Size 

Preliminary  tests  have  been  performed  in  order  to  perfect  the  probe  and 
electronic  circuitry  necessary  for  reaction-zone  measurement.  These 
tests  were  formed  to  determine  detonation  velocity  and  reaction-zone 
thickness  as  functions  of  size. 

Special  ionization  probes,  constructed  from  drill  rod,  in  combination  with 
a  constant-voltage  source,  in  a  voltage -divider  circuit, are  used  for  this 
system.  The  voltage  across  a  known  resistor  placed  in  series  with  the 
probe  is  monitored  on  an  oscilloscope.  The  changes  in  voltage  across 
the  resistor  are  inversely  related  to  changes  in  resistance  across  the 
probe  gap  during  passage  of  the  highly-ionized  reaction  zone.  Assuming 
constant  ion-concentration  throughout  the  reaction  zone,  the  voltage  drop 
across  the  resistor  is  proportional  to  the  length  of  the  probe  inside  the 
reaction  zone.  Thus  the  shape  of  the  pulse  on  the  oscilloscope  is  a  pro¬ 
jection  of  the  reaction-zone  profile  in  the  sector  that  is  intercepted  by  the 
probe.  The  amplitude  of  the  pulse  can  be  equated  to  the  distance  the 
probe  is  inserted  into  the  sample.  (The  maximum  distance  is  the  sample 
radius,  by  symmetry.)  With  the  wave  moving  at  a  constant  velocity,  time 
units  can  be  converted  to  distance  units  in  the  direction  of  the  sample 
axis.  The  time  axis  (zero  volts)  is  equivalent  to  a  line  through  the  probe 
tip  parallel  to  the  axis.  A  representation  of  this  concept  is  shown  in 
Figure  6. 
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Figure  6.  Correlation  Between  Probe  Position  in  Reaction  Zone  and 

Oscilloscope  Pulse  Shape. 
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The  results  from  one  of  the  preliminary  tests  are  shown  in  Figure  7, 
where  the  close  agreement  between  probes  inserted  to  different  depths 
is  shown.  One  probe  was  inserted  to  the  sample  axis.  The  pulse 
resulting  from  this  probe  will  show  the  profile  of  one-half  the  reaction 
zone.  The  second  probe  was  inserted  one-half  radius  toward  the  axis; 
its  output  will  show  the  shape  of  the  outer  portion  only  of  the  zone  which 
envelopes  the  probe.  The  overlapping  of  these  traces,  when  an  appropriate 
scale  adjustment  was  made,  indicated  good  support  for  the  basic 
hypothesis  upon  which  this  method  is  based.  The  only  adjustment  required 
was  to  shift  zero-time  on  the  pulse  obtained  from  the  shorter  probe  to 
that  time  on  the  longer  pulse  which  represented  the  time  of  arrival  of 
the  front  to  the  tip  of  the  short  probe.  The  agreement  in  rising  and 
falling  slopes  was  excellent. 

Subsequent  tests  of  this  sytem,  with  an  explosive  linewave  generator, 
showed  that  the  inherent  rise  time  was  better  than  0.  2  psec.  Since  the 
rise  times  of  these  pulses  was  near  4  psec,  no  serious  masking  of  the 
wavefront  curvature  could  be  attributed  to  the  electronic  system,  and 
therefore  considerable  confidence  could  be  placed  in  the  curvature  deduced 
from  the  pulse  shape. 

4.  LARGE  CRITICAL-DIAMETER  TESTS 

The  five  segments  have  been  cast  in  preparation  for  testing  the  72-in. - 
diameter  unadulterated  propellant  sample.  The  segments  have  been 
removed  from  the  curing  ovens  for  final  surface  finishing.  X-ray 
inspection  and  preparation  for  shipment  to  Area  1-36D,  AFRPL,  are  the 
items  on  the  immediate  schedule.  The  target  date  for  the  test  remains 
set  at  25  March  1966. 

The  vacuum  chuck  fabrication  is  completed  and  the  fixture  is  ready  to  be 
checked  out.  The  other  handling  fixtures  also,  have  been  fabricated. 

The  TNT  booster,  consisting  of  stacked  segments  to  approximate  a  3:1 
cone,  has  been  cast  at  Aerojet's  Chino  Hills  facility,  along  with  a  2-ft 
diameter  x  8 -ft  high  TNT  cylinder  which  is  to  be  fired  in  early  March 
in  order  to  check  out  all  instrumentation  systems  for  the  72-in.  -diameter 
test. 
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Of  considerable  importance  in  the  calibration  test  is  the  checkout  of  the 
detonation-velocity  probe  systems.  Several  changes  have  been  made  to 
the  system  that  was  employed  in  the  48-in. -diameter  tests  performed 
on  AF  04(611)9945.  These  will  be  evaluated  in  the  TNT  shot,  and  the 
system  that  performs  the  best  will  be  used  in  the  72-in. -diameter  test. 

The  problem  experienced  last  year  was  the  reception  of  extensive  noise, 
which  made  the  rasteroscillograph  records  difficult,  and  in  some  cases 
impossible,  to  read. 

Aerojet  personnel  are  currently  involved  in  the  preparation  of  the  test  site 
for  these  two  tests.  Preparation  includes  considerable  modification  of  the 
electronic  instrumentation  to  improve  the  capabilities  of  the  area  and  its 
efficient  operation.  Instrumentation  pits  are  being  cleaned  out  and  new 
lids,  to  permit  more  effective  sealing  of  the  pits,  are  being  fabricated 
and  will  be  installed  soon. 


PROPELLANT  DEFECTS  STUDY 

The  literature  search  is  continuing.  A  complete  summary  and  biblio¬ 
graphy  of  the  search  will  be  issued  upon  completion  of  this  project. 

An  experimental  program  to  develop  and  evaluate  means  of  producing  and 
characterizing  propellant  with  defects  will  soon  begin.  Efforts  have  been 
limited  to  a  study  of  the  directions  most  likely  to  be  successful  in  this 
subtask. 

After  discussions  with  Dr.  Frank  Hepner  of  the  Propellant  Development 
Department  at  Research  and  Technology  Operations,  Sacramento, 
California,  it  was  decided  that  this  group  has  both  the  experience  and 
capabilities  to  undertake  the  major  portion  of  this  investigation.  Work 
will  commence  after  the  defects  study  program  details  have  been  agreed 
upon.  It  is  expected  that  the  planning  of  this  effort  will  require  most  of 
the  month  of  March,  which  will  make  1  April  the  target  date  for 
beginning  the  study.  . 


1 


0977-01(02)QP 
Page  26 


FUTURE  PLANS 


During  the  next  quarterly  period,  March  through  May  1966,  the  following 
work  will  be  performed: 


Completion  of  the  variance  and  mean  critical-geometry  tests 
(Subtasks  3.  2.  1  and  3.  2.  2). 


b.  Near-completion  of  Subtasks  3.  2.  3  and  3.  2.  4*. 


c.  Firing  of  the  72-in. -diameter  test,  selection  and  casting  the 
second  large  critical-diameter  sample. 


d.  Certain  parts  of  the  Phase  II  test  program  may  be  initiated 
depending  on  the  results  of  the  72-in. -diameter  test. 


Continuation  of  the  propellant  defects  literature  search. 


f.  Initiation  of  the  propellant  defects  experimental  program. 


g.  Continuation  of  microscopic  analysis  of  each  batch  of  adulterated 
propellant,  for  information  pertinent  to  the  estimation  of  the 
parameter  c  in  the  detonation  model. 


h.  Use  of  RUBY  to  compute  detonation  properties  of  composite 
propellant. 


*  Jetting  phenomena  study. 


1  'V, 


>  .V  ■  ■■  ' 


0977-0i(02)QP 
Page  27 


REFERENCES 


Program  Plan,  Project  SOPHY,  Solid  Propellant  Hazards  Study, 
Aerojet-General  Report  0977-01(01  )ER,  14  November  1965. 

Evans,  M.  W.  ,  Reese,  B.  O.  ,  Seely,  L.  B.  ,  and  Lee,  E.  L.  ,  "Shock 
Initiation  of  Low-Density  Pressings  of  Ammonium  Perchlorate,"  The 
Fourth  Symposium  on  Detonation.  (Preprints,  Vol.  II),  U.  S.  Naval 
Ordnance  Laboratory,  White  Oak,  Silver  Springs,  Md.  ,  pp  C-78  through 
C-89  (October  12-15,  1965). 

Andersen,  W.  H.  and  Pesante,  R.  E.  ,  "Reaction  Rate  and  Characteristics 
of  Ammonium  Perchlorate  in  Detonation,"  Eighth  Symposium  (Inter¬ 
national)  on  Combustion,  The  Williams  and  Wilkins  Co.  ,  Baltimore, 

Md.  ,  pp  705-710  (1962). 


Large -Solid-Propellant  Boosters  Explosive  Hazards  Study  Program 


(Project  SOPHY),  Technical  Documentary  Report  AFRPL-TR-65-21 1, 
Aerojet  Report  0866-01(01  )FP  (November  1965). 

Salzman,  P.  JC.  ,  Irwin,  O.  R.  ,  and  Andersen,  W.  H.,  "Theoretical 
Detonation  Characteristics  of  Solid  Composite  Propellants,"  AIAA 
Journal,  Vol.  3,  No.  12,  pp  2230  -  2238  (December  1965). 

Mood,  A.  F.  ,  Introduction  to  the  Theory  of  Statistics.  McGraw-Hill  Book 


Company,  Inc.  ,  New  York  (1950). 


'  j  DOCUMENT  CONTROL  DATA  •  R&D  ,0#  ,a). 

(.  ocunty  claaailtcetlon  o I  lido,  body  of  e belted  and  n.JoxmtJ  annotation  mull  be  entered  wh  in  the  overall  report  i*  <  leeeihod) 


I  ORIRIN  ATIW  G  ACTIVITY  (Corporate  author) 

Aerojet-General  Corporation 
Downey,  California 


2s  RCPORT  SECURITY  CLASSIFICATION 


2b  CROUP 


Unclassified 


N/Asi rCeqoVi  iiloD 


3  REPORT  TITLE 

PROJECT  SOPHY  -  SOLID  PROPELLANT  HAZARDS  PROGRAM  • 

■j  |  V 


4  OESCRlPTtvE  hOTfci  (Typ®  of  repo/f  end  incluoivo  dofoo; 

Progress  Report.  1  December  1965-28  February  1966 


5  AUTNORfS.)  (Last  na/no  ltr&  t  namo.  initial)  a 

Elwell,  R.  B. 

Salzman,  P.  K. 

Vail,  R.  W. ,  Jr. 


6  REPORT  DATE 


March  1966 


0«  CONTRACT  OR  GRANT  NO. 


7 a  TOTAL  NO  OF  PACES  7b.  NO  OP  REFS 


0  a  ORiOINA  TOR’S  REPORT  NUMOERfS; 


AF  34(611)10919 


b.  PROJECT  NO. 


623A00201 


vf*.  \iij,  r.-  . .  t .. 

.■JO  ..  :l  . 


0977-01(02)QP 


Sb  OTHER  REPORT  NOfSJ  (Any  other  numbers  that  moy  be  feigned 
I fits  report) 

AFRPL-TR-66-24 


10  AVAIL  AOILITY/LIMITATIOH  NOTICES 

I  '  J-J  'll  1 


Qualified  requestors  may  obtain  copies  of  this  report  from  DDC. 

rt/ljO  :0  i-*- .  i-:  r  j;-.  ■'  !  * 


11  iuPPLEMEMTARY  NOTES  I  12  SPONSORING  MILITARY  ACT  1VIT Y 

AFRPL,  Hazards  Analysis  Branch 
AF  Systems  Command,  Edwards  AFB 
Edwards,  California 


13  ABSTRACT  . .  '  ,!  v, 

Theoretical  and  experimental  investigations  of  the1  detonation  characteristics 
of  solid  composite  propellant  rocket-motor  grains  are  described.  Statistical 
variance  in  critical-diameter  data  was  determined  for  an  RDX-adulterated 
AP-PBAN  propellant.  Preparations  for  a  large  critical-diameter  test, 
involving  unadulterated  AP-PBAN  propellant,  are  discussed. 

.  "  '  '»fcL  V  i/t  J  ’  U  :  :  .It  j  *  *  *  * 

„  .  .  .  '  - '7'  vl<  .•<•;{;  ),  . 

te-  l-  . 

iVtiW^n *  r..>v-7  .  ’2.0  I -‘l* tfr* Ijhi  /•ivr’  \»rl*  )  ;  vu  .  . 

•  Vi  JfiMflrL-V  *->  fl.r  ;u  •*.?  >*'!•«-.»  «*.i  -  •-  \>f,  »•  1  *’  ^  *  !'  r 

!  I  4  ,!  'JlUjfHfi*  ■-->  *  .>40)  <*  »«  >►>  li  Jt  ,if#  *,‘**  .-j  'in  ,1}  j  i  ■>.,/;  ■  •  *i  Vl 

,  |jWi<!'Ju'",,4  I  -It  .  ! i i .  ■  »<t  : 

1»>  ttxtiJ  '»•,»:  Ws--.b  yUvil  **  0  v  {  *f,lT  '  '  j  >; 

mi-**  b*'\,  '  -  y  ri  •  ?  jro).' **Hl  j  •  jl*)  ►!>',*  t;‘<;  H  >  ?  !  <  1 1 1 4. r  ri  flu  •>  /:i  t'  •'<’ 

-n;  *rfl .W*  nit  V,  Afrt  *1  j  r  y.h>  .  njo k.  .  ii  |  •/.  /  15/  j  *v 

it?1*,  *svi.  <’,)*!  u1.'-  .li'.T'  hv ‘I  !:l  tv  ■  •'(!>  '  ,  , 

•wto  ■l'thtUriu  irli  A*{iji>tnl  *„u»»  /;o  o’xi/'t.i'uu;  on  v:  vr»/fT  7 

.xtic-ih-  ^L‘i  L  t  OHi  -*u<l  *>f*5  I  •)  ,,  </■» -r  :  1-  .  • 


„T»r*A«i  it  ,  1 , ; 


it?)  .ijGio  ,  -l ,  •  J  •*  J  . 

'  'if/  -■  l.'MI  111  Tv  >  M.  TtjTt  .  If!  I 


fli’hi  ’?.'  Vili/v  jifrd  :*ii  ^  vj;.n>*.v  "ji  UV  YU#i  -  /  }<>  t  , r  t,  ' 

v-ii  hit;i  ?*•:.■; A*  IiA.4)  r  •i-.’f norl;j  u'*  ( 

-  n:4  fZUW  KfyiM**  *pH  .' 1  ■-> t  **Al  ai«*>  ,'*]  r.'njrw  >•*!,  n 1  J  a  i*Iw3  T  . 

..''iw-tjfoV-  Hi  / 1 ; V; r #- 1  >  vmiiov-  x*  uc  hi Lvili  .'3  J  J‘.,w  tor.: 

I'c-rins/tf  :v»i,‘  j  ivun  vtiusiti *n  «*tlT  .>*!*>• 

•■•V.’iA  *5<{  Yinn  ■  >'••*  <»  ifhov  lv>--<r  . 

>’v.  -iii  0  r.vO  I *>  yibiu.  ti.  vil  \H  lltw  ji«o  c!n<  .  fii  ..jt  |1.  ^ 

1  ill? h  37? Un*  »1  Vt/  *.wfT  j  -'O  .4  •  '  V 


r1  Vni;0-.i  »ii  t!  .J  v 

1*3  ,t  ^ i’j-UfXyx:  1  .  i,  - 


1  ,•  in  ■« 

il.  "'Ut?  f 

"vs;;  j  nAumi:- 

it  i4J:t  ’tit.  voiin  {• 


.-/n  r.’)l  is.u'H.:  ,1  ;  .'» ) 

WUunt,!',n  .4  ;  Vj  j,  ■  4,  lt.?f  ,,  .  .  ,, 

]  .( V )  "iij.Jl  '.;fl  cir.t  s  *U.  •  .  , 

j  -.1**1  V-"*  OTIOil^'UA'l  :K;.(  .  r  .  t  •  WJ:< 

.  'j  sort  I  «»#)/:;  vilU:  .  |,>  i,-', -t  ;7  .-•  >  •  hi  s  •  .■ 


LINK  A  ' 

"XI Nit  B 

'  LINK  C  | 

u  KEY  WORDS 

note 

.  WT 

ROLE 

WT 

ROLE 

WT  | 

* 

•*'-  '*  — •• 

. 

e.  r»  KJV * 

Hazards 

*  Solid  Propellant 

SOPHY 

Critical  Diameter 

Critical  Geometry 

s 

• 

‘  ••  \J  **  i 

itn  'co  A 

1 

•  V«  *i  < 

X  j’rc 1  f 

i'~l 

i 

1 

'  ;- 

T 

K  f  ..  > 

•  y  r'i  1 

INSTRUCTIONS 


1.  ORIGINATING  ACTIVITY:  Enter  the  nome  ond  address 
of  the  contractor,  subcontractor,  grantee,  Department  of  De¬ 
fence  activity  or  other  organization  (corporate  author)  issuing 
the  repart. 

2a.  REPORT  SECUBTY  CLASSIFICATION:  Enter  the  over¬ 
all  security  classification  of  the  report.  Indicate  whether 
"Restricted  Data"  is  included.  Marking  is  to  be  in  accord¬ 
ance  with  appropriate  security  regulations. 

2b.  GROUP;  Automatic  downgrading  is  specified  in  DoD  Di¬ 
rective  5200. 10  and  Armed  Forces  Industrial  Manual.  Enter 
the*  group  number.  Also,  when  applicable,  show  that  optional 
markings  have  been  used  for  Group  3  and  Group  4  as  author¬ 
ized. 

3.  /REPORT  TITLE:  Enter  the  complete  report  titie  in  nil 
capital  letters.  Titles  in  all  cases  should  be  unclassified.  . 

If  a  meaningful  title  cannot  be  selected  without  classifica¬ 
tion,  show  title  classification  in  all  capitals  in  parenthesis 
immediately  following  the  title. 

u  :■  <,  r;  ■  '  •:  ■  ! 

4.  DESCRIPTIVE  NOTES  If  appropriate,  enter  the  type  of - 
report,  e.g.,  interim,  progress,  summary,  annual,  or  final. 

Give  the  inclusive  dotes  when  a  specific  reporting  period  iB 
covered. 

t, 


5.  AUTIIOR(S): 
or  in  the  report. 


Enter  the  name(s)  of  authoKs)  on  nhown  on 
Entei  last  name,  first  name,  middle  initial. 

If  military,  show  rank  and  branch  of  service.  The  name  of 
the  principal  »  <thor  is  bn  absolute  minimum  requirement 

6.  REPORT  DATL:  Enter  the  dote  of  the  report  as  day,' 
month,  year;  or  month,  year.  If  more  then  one  dote  appears 
on  the  report,  use  dale  of  publication. 

To.  TOTAL  NUMBER  OF  PAGES:  The  total  page  count 
should  follow  normal  pagination  procedures,  i.e.,  enter  the 
number  of  pages  containing  information. 

76.  NUMBER  OF  REFERENCES:  Enter  the  total  number  of 
references  cited  in  the  report. 

fin.  CONTRACT  OR  GRANT  NUMBER:  If  appropriate,  enter 
the  applicable  number  of  the  contract  or  grant  under  which 
the  report  was  written. 

86.  He,  &  bd.  PROJECT  NUMBER:  Enter  the  appropriate 
military  department  identification,  such  os  project  number, 
subproject  number,  system  numbers,  task  number,  etc. 

9 1  ORIGINATOR'S  REPORT  NUMBER(S):  Enter  the  offl-  . 
ci'al  report  number  by  which  the  document  will  be  identified 
and  controlled  by  the  ofiainotlng  activity.  Thiu  number  must 
be  unique  to  this  report. 

btJ.  OTHER  REPORT  NUMBER(S):  If  the  report  has  been 
assigned  any  other  repert  numbers  (either  by  the  originator 
t.r  6>  the  Aponsur),  also  enter  this  number(s). 

10.  AVAIL  ABILITY/ LIMITATION  NOTICES:  Enter  any  lim¬ 
itations  on  furthcr  dissemination  of  the  report,  other  than  those| 

’.tuatti wiw  kartoW'Vt*.#  wvviwi. *4h» ia-ht* 


imposed  by  security  classification,  using  standard  statements 
such  os: 

(1)  "Qualified  requesters  may  obtain  copies  of  this 
report  from  DDC.” 

(2)  "Foreign  announcement  and  dissemination  of  thin 
report  by  DDC  is  not  authorized." 

(3)  “U.  S.  Government  agencies  may  obtain  copies  of 
this  report  directly  from  DDC.  Other  qualified  DDC 
users  shall  request  through 


’  (4)  "U.  S.  military  agencies  may  obtain  copies  of  thiB 

report  directly  from  DDC.  Other  qualified  users 
shall  request  through 


<S)  "AH  distribution  of  this  report  is  controlled.  Qual¬ 
ified  DDC  users  shall  request  through 


If  the  report  has  been  furnished  to  the  Office  of  Technical 
Services,  Department  of  Commerce,  for  sale  to  the  public,  indi¬ 
cate  this  fact  and  enter  the  price,  if  known,  . 

l.l,  SUPPLEMENTARY  NOTES:  Use  for  additional  explana¬ 
tory  notes. 

12.  SPONSORING  MILITARY  ACTIVITY:  Enter  the  name  of 
the  departmental  project  office  or  laboratory  sponsoring  (pay¬ 
ing  for)  the  research  and  development.  Include  address. 

13.  ABSTRACT:  Enter  an  abstract  giving  a  brief  and  factual 
summary  of  the  document  indicative  of  the  report,  even  though 
it  may  also  appear  elsewhere  in  the  bedy  of  the  technical  re¬ 
port.  If  additional  space  is  required,  a  continuation  sheet  shall 
be  attached. 

It  is  highly  desirable  that  the  abstract  of  classified  reports  |j 
be  unclassified.  Each  poragroph  of  the  abstract  shall  end  with 
an  indication  of  the  military  security  classification  of  the  in¬ 
formation  in  the  poragraph.  represented  cs  <TS).  (S),  (c>.  or  (V) 

There  is  no  limitation  on  the  length  of  the  obstreci.  How¬ 
ever,  the  suggested  length  is  from  150  to  225  words. 

14.  KEY  WORDS:  Key  words  ore  technically  meaningful  termn 
or  short  phrases  that  characterize  a  report  and  may  be  used  as 
index  entries  for  cataloging  the  report.  Key  words  must  be 
selected  so  that  no  security  classification  is  required  Identi¬ 
fiers,  such  as  equipment  model  designation,  trade  name,  military  f 
project  code  name,  geographic  location,  may  be  used  as  key 
words  but  will  be  followed  by  on  indication  of  technical  con¬ 
text.  The  assignment  of  links,  rules,  and  weights  is  optionol. 


